This paper describes an extension to an earlier account of the coliform flora carried by a married couple, one of whom was taking tetracycline for prolonged periods. The latter phase of this study was notable for the following: first, certain tetracycline-resistant Escherichia coli 0 antigen types persisted in one of the participants for several weeks after tetracycline was withdrawn; second, a course of ampicillin led to replacement of the tetracycline-resistant flora by one that was ampicillin resistant, but the end of the ampicillin course led to the reappearance of the tetracycline-resistant line, even though no tetracycline was being taken; and third, the tetracycline-sensitive 075 E. coli, which appeared toward the end of the survey, had not lost their plasmid but carried a derivative in which the tetracycline resistance gene(s) had been inactivated by the insertion of an extra piece of deoxyribonucleic acid with a molecular weight of about 1 megadalton.
An earlier paper (7) described a prolonged study of the aerobic gut flora of a married couple in which the wife was taking tetracycline for the treatment of acne. That study lasted 300 days, and tetracycline was administered to the wife for 265 of them. The husband received no antibiotics throughout the course of the survey. Although there was evidence for plsmid transfer in vivo during this period, the main conclusion to be drawn was that tetracycline-resistant Escherichia coli are frequently spread from one individual under treatment to close relatives in the family who have not been treated.
We now describe an extension of that survey for a further 217 days. During this period tetracycline was once more taken by the wife for 109 days (from day 302 to 411), but thereafter she took no more tetracycline. She did, however, receive a course of ampicillin between days 446 and 450 for the treatment of a sore throat. As in the earlier period of study, the husband took no antibiotics during the survey.
Apart from further episodes of cross-infection between these two persons with tetracycline-resistant E. coli, the latter part of this survey was notable for two occurrences. First, the administration of ampicillin in the wife resulted in the almost total displacement of the predominant tetracycline-resistant E. coli strains, which formed the majority of the flora, but after the end of the ampicillin therapy the tetracyclineresistant flora returned, even though no tetracycline was being taken at the time. Secondly, tetracycline-susceptible strains of E. coli 075 appeared in the wife's alimentary tract for a period at the end of the survey (days 491 to 509), and similar strains were also isolated from the husband at the same time. When these strains were examined in detail they were found to carry a plasmid very similar to that which conferred tetracycline resistance on the E. coli 075 strains isolated earlier during this survey. The only difference between the two plasmids was that the one isolated from susceptible strains had acquired an extra segment of deoxyribonucleic acid (DNA) of molecular weight about 106 inserted in such a way as to block the expression of the tetracycline resistance gene(s). This paper describes the characteristics of the strains isolated in these two people during the period under study. A further paper (P. M. Bennett, M. H. Richmond, and V. Petrocheilou, submitted for publication) will define the molecular differences between the plasmids to be found in the tetracycline-resistant and tetracycline-susceptible E. coli 075 strains. A preliminary account of this work has been published elsewhere (8) .
MATERIALS AND METHODS
Bacterial strains, plasmids, and bacteriophages. The bacteria, plasmids, and phages used in this work are those involved in the earlier studies (7 The isolation, identification, and antibiotic susceptibility tests of E. coli strains were as described previously (7). 0-antigen typing. The method used was based on that described by Wiedemann and Knothe (9) . The modifications have been described previously (4) . We define majority strains as E. coli strains that occurred at least once among the 10 colonies picked from the non-selective agar (4, 6) . Minority strains are those detected only on agar containing antibiotics.
Conjugation experiments, tests for the presence of F-pili, studies on the incompatibility relationships of plasmids, and the isolation of plasmid DNA were carried out as described previously (6) . The molecular weight of plasmid DNA was estimated as described by Bennett and Richmond (1) .
Identification of plasmids with restriction endonucleases. Restriction endonucleases EcoRI, BamHI, and HindIII were used for plasmid identification during these studies. HindIII enzyme was purchased from Miles Laboratories Ltd., Stoke Poges, Bucks., England. The remaining enzymes were prepared by J. Grinsted in this laboratory. The use of enzymes and the method of separation of the digested fragments of the plasmid DNA have been described by Petrocheilou et al. (7) . The molecular weights of the endonucleolytic fragments were assessed by comparison with standard digests of bacteriophage lambda obtained with EcoRI restriction endonucleases (see reference 7) . RESULTS E. coli flora of the two subjects studied The survey reported here continued for 217 days (Tables 1-3 ). The wife had taken tetracycline (250 mg/day) for 265 days (between days 2 and 267) in the previous part of the study (7) . In the period from day 302 onwards, tetracycline was At the end of the previous period of the survey (day 300; see reference 7) the wife had a gut flora consisting predominantly of tetracyclineresistant 075 E. coli, whereas the husband's flora was predominantly susceptible to antibiotics (an 0131 E. coli strain was isolated). Five days before, however, the husband's flora contained large numbers of a tetracycline-resistant 023 E. coli, a strain which had been encountered in both husband and wife at various stages previously (7) .
During the part of the survey described here (days 302 to 517) (Tables 1-3) , the tetracyclineresistant 075 E. coli, which had been prevalent in the wife on many occasions earlier in the study, persisted to the point that it was the majority component of almost every sample examined ( Fig. 1) . Moreover, this was despite the fact that the wife stopped taking tetracycline on day 411 and never recommenced. This tetracycline-resistant strain therefore persisted well in the absence of antibiotic selection pressure, something that had also been noticed when tetracycline had earlier been withdrawn for a period between days 267 and 300 (see reference 7).
As had been the case before day 300 (7), the husband excreted the tetracycline-resistant 075 E. coli on various occasions in the period between days 302 and 517 (Fig. 1) . This was particularly noticeable on day 328 and then again on days 344 to 350 (Table 1 and Fig. 1) ; the same strain was isolated again on several occasions between days 477 and 517 (Table 3 and Fig. 1 (Table 3 and Fig. 1 ). E. coli, had
The 075 E. coli isolated from both husband both husband and wife in the early part of the survey were Hie earlier part and K-typed as H7 K? (7) , and the tetracyclines strain reap-resistant 075 E. coli isolated after day 302 16, 1979 showed the same typing pattern, whether isolated from husband or wife. The 023 Tcr E. coli isolated in the earlier part of the survey were typed as H16 K? (7), and again this typing was found with those 023 E. coli isolates found after day 302, regardless of which participant they came from.
The most striking observation was that the tetracycline-susceptible 075 E. coli strain isolated from both husband and wife in the last days of the survey (see Table 3 and Fig. 1 ) was also H7 K?. This suggested, therefore, that the susceptible 075 E. coli strains arising at the end of the survey might be derived from resistant 075 E. coli strains present earlier.
The characteristics ofthe tetracycline resistance plasmids of 023 and 075 E. coli isolated from the husband and wife. During the period of the survey up to day 300, those tetracycline-reistant 075 and 023 E. coli isolates that had been investigated in detail were found to owe their resistance to a plsmid of molecular weight about 49 x 106, which specified resistance to tetracycline alone (7).
To check whether the same plasmid accounted for the tetracycline resistance of the 023 and 075 E. coli isolates encountered after day 300, representative colonies taken from plates obtained on days 326, 377, 495, and 509 (for the wife) and days 328, 454, and 509 (for the husband) were examined. Plasmid DNA was prepared from the isolates as described in Materials and Methods, and the plasmid characteristics were determined by electron microscopy (for molecular weight determination) and by the separation by electrophoresis of restriction endonuclease fragments obtained with EcoRI, BamHI, and HindIII restriction endonucleases.
Tetracycline-resistant 0111 E. coli, isolated on day 385, and 024 E. coli with a similar resistance pattern, isolated on day 516 from the wife, were also examined in the same way, but could not be transferred to an E. coli K-12 strain from the natural isolate and consequently were different at least to the extent that they appeared to be transfer defective. TETRACYCLINE-RESISTANT E. COLI 229 the characteristics of the plasmids encountered in the 023 and 075 E. coli compared with the data obtained for analogous plasmids from the earlier part of the survey (7). These results show that the plasmids responsible for the tetracycline resistance of the 023 and 075 E. coli strains isolated after day 300 were indistinguishable from those encountered earlier.
The characteristics ofthe plasmids found in the tetracycline-susceptible 076 E. coli isolates. The fact that the tetracycline-susceptible 075 E. coli strains isolated towards the end of the survey gave the same H and K antigenic reactions as the tetracycline-resistant 075 E. coli encountered earlier suggested that the change in susceptibility might be due to plasmid loss. To check this possibility, DNA was prepared from several representative strains isolated on days 495, 505, and 509; the presence of plasmid DNA was found in all the tetracyclinesusceptible 075 E. coli cultures examined. Moreover, electron microscopy showed the plasmid present in all strains to be approximately the same size as the tetracycline resistance plasmid in the resistant strains. Digestion of the crude plasmid DNA from the susceptible strains with EcoRI restriction endonuclease showed the presence of all but one of the DNA fragments obtained from the 49-megadalton plasmid, which was known to confer tetracycline resistance. The one difference was that the smallest DNA fragment obtained on digestion migrated more slowly than its counterpart in the tetracycline resistance plasmid.
This observation suggested tentatively that the emergence of the susceptible 075 strains might have been due to the loss of expression of the tetracycline resistance genes as a result of the insertion into the plasmid of extra DNA of molecular weight about 106, rather than to the loss of the resistance plasmid in toto.
Since the plasmids in the susceptible strain had no usable selective marker, a detailed molecular examination ofthe plasmids was difficult. To overcome this problem, ampicillin-resistant derivatives of the plasmids were made by transposing Tn801 to the plasmids in question (8) . Once this had been done, the plasmids could be transferred to E. coli K-12, and this greatly facilitated their further molecular examination.
The construction of these ampicillin-resistant derivatives and their detailed molecular characteristics are described in detail elsewhere (Bennett et al., submitted for publication). These studies confirmed that the susceptible phenotype of the 075 E. coli strains encountered in both husband and wife in the latter stages of this survey resulted from the insertion of an extra piece of DNA into the tetracycline resis-tance genes of the R-plasmnid in such a way that the expression ofresistance was decreased to the point at which the strains behaved as though they were tetracycline susceptible by disk test (Bennett et al., submitted for publication).
DISCUSSION
During the second part of the survey carried out on a married couple, what was particularly notable was the persistence of an E. coli Strain resistant to tetracycline in the alimentary tract of the wife for a long period after tetracycline therapy had ended. In this respect, therefore, the tetracycline-resistant 075 strain prevalent during this study had lost none of the colonizing ability it had shown earlier (7) .
More interesting, perhaps, was the behavior of the strain when the wife was taking a clinical course of ampicillin, an antibiotic to which the 075 E. coli was susceptible. Within 24 h of the start of ampicillin therapy, the tetracycline-resistant 075 strain had reached the point at which it could only be detected on tetracycline-containing agar, something that had never occurred previously in the whole 450 days of the survey. Within 24 h of the end of the ampicillin course, however, the 075 Tcr E. coli had returned to become a majority component of the aerobic gut flora of the wife, even though no tetracycline was being taken (nor had it been for the 44 days previously). During ampicillin treatment an 0113 ampicillin-resistant E. coli strain had become predominant among the wife's coliform flora, but this strain seemed easily displaced by the tetracycline-resistant 075 strain once the ampicillin selection was removed.
This sequence of events, therefore, underlines the factors influencing the persistance of antibiotic-resistant E. coli in humans (5) . When an antibiotic is being administered it may well select powerfully for antibiotic-resistant strains. But once this selection pressure is removed, there is no certainty that the resistant strains will disappear. This is presumably because susceptible competitors are eliminated by the antibiotic, and if the resistant strain is a sufficiently good colonizer it may be hard to displace from its dominant position even though the selective pressure is no longer being exerted.
The other major conclusion to be drawn from the observations made here is that the loss of antibiotic resistance under natural conditions need not be due to the loss of the R-plasmid that specifies resistance. At the end of this survey, genetic changes occurred in the plaid which specified antibiotic resistance on the 075 E. coli strain, and this resulted in the loss of the tetracycline resistance phenotype in some strains.
In view of the very prolonged persistence of the tetracycline-resistant 075 E. coli in these studies and this strain's high potency for crossinfection and in resisting the challenge of competing E. coli strains, a question arises as to what characters specify this remarkably successful phenotype. E. coli of serovar 075 are reasonably prevalent in the alimentary tracts of human beings (3), and this presumably reflects a relatively high ability of this E. coli type to survive in the human gut. A further possibility is that the plasmid found in these strains confers special colonizing abilities on E. coli as well as mediating tetracycline resistance. Furthermore, the appearance of plasmid-carrying but susceptible 075 strains is not inconsistent with this view. Preliminary experiments suggest that this cannot be the explanation. Transfer of the plasmid in question to other E. coli strains does not make them particularly effective colonizers of the gut, at least in animal experiments.
